U nderstanding the biomechanics of plicating the shoulder capsule is central to the treatment of patients with recurrent glenohumeral joint instability. Specifically, capsular plication effects both translational laxity and joint rotation. By determining the impact of sequential sectioning of the glenohumeral ligaments in cadavers on glenohumeral joint translation, O'Brien and colleagues [11] determined that the anterior band of the inferior glenohumeral ligament complex is the primary restraint to anterior translation with the arm in abduction, and they also characterized the function of the other bands of the glenohumeral ligament and the rotator interval in other shoulder positions. Their discoveries are essential to surgeons when treating patients with shoulder instability.
In a cadaveric model, Bigliani and colleagues [3] demonstrated that the creation of a Bankart lesion alone could not cause a glenohumeral dislocation; a capsular injury/redundancy should be present as well. As such, simply repairing a torn glenoid labrum is not adequate for the surgical treatment of recurrent instability; a related capsular plication or shift must also be present.
In the late 1990s and early 2000s, surgeons generally preferred to perform open stabilization procedures only on the side of the clinical instability pattern. During this time, we performed an anterior capsular shift [1] for patients with anterior instability without a Bankart lesion [10] . And for patients with a torn anterior-inferior labrum, we generally preferred to perform an isolated anterior Bankart repair [4] . But the advent and popularity of arthroscopic stabilization procedures changed our thinking. Although early results were poor, the development of the suture anchor and better delivery cannulas were major steps forward in tensioning the joint capsule and labrum [2] . Even with these new approaches, the risk of persistent or recurrent instability remained high, and many surgeons indicated that they preferred open stabilizations for their contact athletes, and arthroscopic procedures for their more sedentary patients [6] .
The development of the "circle concept", which states that a patient cannot have an injury on one side of the joint without a concomitant injury to the opposite side, eased these disparities. Considered a major advancement, this approach prompted surgeons to investigate capsular laxity and redundancy on the opposite side of the joint from the primary instability pattern as well. The "Kim lesion" [7] , tearing of the posterior band of the inferior glenohumeral ligament complex in the setting of anterior instability, is a potential risk factor for recurrent instability when only one side of the joints is plicated or repaired surgically. Some surgeons now add rotator interval closure or even anterior capsulorraphy to improve their posterior instability outcomes [9] .
In the current study, Mayer and colleagues [8] add objective data regarding the ideal size and location of plication stitches for stability, while limiting loss of motion from overtightening. The study highlights the need to address both the anterior capsule and posterior capsule for patients with unidirectional instability.
Where Do We Need To Go?
There are limited data available to help guide the surgeon regarding the exact size of the plication stitches that should be placed for stability without inducing stiffness, the preferred location of the stitches anteriorly, posteriorly, or inferiorly, and whether anterior sutures should be used routinely with posterior stabilizations. The exact role and treatment of the rotator interval remains unclear as well.
To fill these gaps in our knowledge, we need studies that can determine the exact type of plication stitch (mattress vs. simple), number of stitches, spacing between stitches, and suture material. In addition, loss of glenohumeral rotation cannot be ignored when trying to limit glenohumeral translation, and thus, more information is needed on the effects of plication methods on external and internal rotation before a specific technique of limiting glenohumeral translation can be advocated.
Determining the degree of shoulder abduction when performing a capsular plication is also important. In the current study, the authors tested only one position with 60°abduction. These data, however, should be compared to the results of performing the plication with the arm by the side (as is often the case when operating in the beach chair position), and 30°abduction in an effort to find the ideal position for the stabilization that also limits both loss of motion and the risk of recurrent instability.
We still need to determine the indications for routinely operating on both the anterior caspule/labrum as well as the posterior capsule/labrum for patients with clinically relevant unidirectional instability alone. In fact, in my own practice, I rarely perform arthroscopic stabilizations that have been limited to the anterior or posterior capsule alone. The potential contributions of superior labrum anterior and posterior lesions on glenohumeral translation and the role of operating "superiorly" as well as anteriorly and posteriorly warrants additional study as well. The superior labrum plays a role in shoulder stability, especially anterior stability, through its association with the superior glenohumeral ligament and the long head of the biceps tendon.
Additional in vitro studies are needed to more clearly define and compare the consequence of placing plication sutures unilaterally, bidirectionally, or circumferentially. These studies could help answer the following questions: How many sutures are needed, how far from the glenoid they should be placed (that is, whether they should be closer to the humerus, closer to the glenoid, or in the midcapsule), and what suture configuration results in the lowest risk of recurrent instability, while minimizing the risk of post-operative motion loss? Are sutures even needed, or do newer biologic therapies and growth factors show promise? What position of abduction and rotation should the arm be placed during the plication, or should we be changing the degree of abduction and rotation based upon which aspect of the capsule is being addressed?
How Do We Get There?
By using in-vivo dynamic-imaging techniques, surgeons can study the effect of our procedures on normal joint kinematics under functional loading conditions. The 6°of freedom robotic manipulator combined with dual-plane fluoroscopy [5] has had a direct effect on the way cruciate ligament reconstructions are performed. Surgeons can determine whether they are restoring joint translation, articular cartilage deformation and contact pressures, and overall joint kinematics under functional loads. While the shoulder is a much-more-complex joint with far more than 6°of freedom, future studies can use this technology to study the effect of surgical shoulder stabilizations on joint kinematics.
Perhaps the most intriguing opportunity lies in newer imaging technologies, including dynamic three-dimensional (3-D) MRI and 3-D fluoroscopy. Additional advances using new in-office diagnostic imaging devices can further quantify the effect of placing a plication suture by direct visualization before the suture is even tied. Such imaging can provide a robust research platform for future biomechanical studies, while also providing us with objective and quantifiable postoperative data on our patients regarding the alteration or restoration of normal joint kinematics.
